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" NATTONAL ADVISORY COMMITIEE FOR AERONAUTICS

TECHNTICAT, NOTE NO. 1478

WIND-TUNNEL INVESTIGATION OF ‘I’.EIE STAZBILITY AND. CONTROL
CHARACTEBISTICS OF A COMPLETE MODEL
EQUIPPED WITH A VEE TAIL

. By Edward C. Polhemus and Robert J. Mogs .
SUMMARY

A wind~tummel investigation wee conducted to determine the- low—-speed
stability and control characteristics of a cormmlsdte model eq_uipped.
with & vee tail. Tail dihedral angles of 35°, b7°, and 55° wers -
tested and the results compared with results of tests of a conventionsl.-
tall arrangement used with the same wing-fuselese com'bina,'_bion. The
aresa of the vee tall was sligh greater than that of the conventional~
tail asgembly {aoprox. 2 percent}, and the vee taill was mounted.on a
small dorsal trunk (10 porcent.of " yee-tail area). The total wetted
area of the vee~-tall assembly, thersfore, was evproximately 12 percent
greater, than that of the conventional-tail assembly. The aspect ratio
of the vee tall wus equal to that of the horizontael tail hut greater
‘than tha'b of the vertical tail. B

The -1.'-70 vee tall was the best of those tested when both longli-
tudinal end lateral stebility were concermed, and it contributed
40 percent more longitudinal and directional stability and 90 percent
more Glhedral effect then the convenbtional tail.

The increase in directlonel stabillity was due to the dorsal
trunk and to the fact that the vee tall had a greater aspect ra,'bio
than the vertilcal 'bail.

The increase. in longi‘budina.l stebility wes caused by the increase
in gtabilizer effectivensss and the decrease in the rate of changs of
effective dowvmwesh with angle of attack due to the high tail position
and the favorable effect of sildewash at Tthe tail. A method of
predicting the sidewash effect is presented in an appendix. _ o
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. INTRODUCTION

Interest hes boen displayed in vee tails, particularly for hish-
speed aircralt, becauvse of: (1) the pessibillty of a reduction in
drag of the smmennagcs due to an improved tell-fuselugs Juncturs and
due tu & reduwctlon in tell arca and (2) the location of the tail
out of the wing walke without encountering difficult structural
problems. The isolated-tail theory (reference 1) indicates that en
isclated vee-tail surface vproducing stability parsmeters equal to
thoge produced by en isolated conventional-tall assembly (erd having
oqual effective aspeot ratios) must have an ares equal. to that of the
conventional~-tall essembly. When tho vee tail 1s used with a wing-
fusgelage comblination, additional Tactors such as the downwash and
gldewash associated with the wing-fuselege vortex pattorn muet be
consilderod, Inssmuch as the effects of these factors are &ifficunlt
to evaluvate theoretically, an experimenial investigation was made of
a voe tail useA with a wing~fuselagos combination. This vee tall had
the. same tall length and spproxivately the same total ares as the
gl of the horizontal end veritlcal tall surfaces cf a conventional
t2il theat was mreviously invsstigated with the same wing-fusslage
combination. The vee tail, however, was mounted on a amall dorsal
trunk, the area of which was approximately 10 percent of the area of
the ves tail. The effect of thia dorsal. trunk on lateral etability
shoilld be consldered whon comparing the vee and comventional talls.
The aspect ratio of the vee tail was equel to that of tha horlzontal
tail bubt wvas greater than that of the vertical tail,

The investigation included stability and comtrol tests, with and
without wing flaps, for tail dihedral angles of 35°, ¥7°, and 53°.

SYMBOLS -~

The systein of axses used Tor the presentation of the data
togethor with an indication of the sense of the nositive forces
and moments Is presented in figure 1. All moments are presented about
the center. of gravity. Pertinent symbols are defined as follows:

Cr, 1ift cosflicient (Lift/gS)

Cp  drag cosfficient (Drag/qS)

Pitching moment
Cn, pitching-moment ccefficient < - }:_ n>
gsSc
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Cq rolling-moment coefficlent! G?olling mn?
aSb
Cn yawing-noment coefficlent G‘awing momen‘c)
. asb
CY lateral-~force coefficilent Gater:;. forc?
s wing area, mquare feet
b wing span, feet
¢ wing mean eerodynemic chord (M.A.C.), feet
q - dynamic pressure, pounds per square fo_q"q _ (pva/é
p megs density of air, slugs per cublc foob |
v free-gtream veloclty, feet per second
M . Mach number
o angle of attack of i"uselgge ‘center line, figgrees_
€ angle of downwesh, degrees
€g éffective downwash (domash that alone has seme effect as
dovmwesh snd sidewash) . :
1y stebilizer setting (angle between. line of intersection of
tail _pamls and fuselage center line), degroes
¥ angle of yaw, degrees
control-surface deflsction wilth reference to fixed swriace
and measured in plane normal to fixed surface,- degrees
1"t tall dihedral angle with reference to horizontal, de_éee‘a
Subscripts: .
t tall
o elevator
r rudder
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flep

n]

measured valms

denote partial derivative of a coefficient with respect tu 3,
S¢s i, B,., @, ¥, respectively; for sxauple, C%*b = TN

<Ry

MODEL, AND APPARATUS

The model equipped with a 47° vee tail is ehown mounted- in
the Langley 300 MPH T- by 10-foot tunnel in figures 2 and 3 and s
three -view drawing of the model as tesled 1s prosented in figure k.
Dotails of the vee~tall panol are zresented im Figure 5; details of
the conventional-tail assembly are shown in figures O and T,

The model was constructed of wood attaeched to metal reinforcing
members with Cycdeweld cement except for the all-metal controld
gurfaces. The tall-control aurfaces and wing flaps were 20-porcont- .
chord plain flape and the allerons were 15-porcent-chord plain fleps.
All controls were flat-slded from the hinge llne to the tralling edes
" and all control geps were sealed. .

Speciiic model conflgurations referred to herein ars as follows:
(a) High-speed configuration
Flaps retracted
ILanding gper retracted
(b) Landing configuration
Flaps deflected 60°
Landling guwar extended
The tests were conducted in the Langley 300 MPH 7- by 10-foot tumnsl,
which 18 a cloged rectangular tuynnel with a contraction ratio of 1h:1
and is powered by a 1600-horsepower synchronous motor.
TESTS

Tegt Conditlons

Tests in the high-speed configuration were rum. at dynamic
pressures of 88.5 and 165.2 powinds per square foot. Tests in tho -
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lending sonfiguration were run at a dynamic pressure of 33.5 pounds
et sguare foot, The corresponding approximabe veluss of Mach number
and Reynolds mumber (basged on & ving mean a.erod.ynamic chord. of :
1.802 Pt) were as followss '~ _ ) -

D‘ﬂﬁ%c}ﬂgr;tslwa Maich Tiumber Reynoldas nim'bér
33.5 ¢ * 0.15° 1.28 % 106 “
88.5 ¢ - « e -25 2 08 X 100
165.2 Ry -35" " 2.8 x 106°

B - s v

[ T T B T SR

Tlio Reynolds nwiber was computad using e ‘turbnlsnecs *actor of uwnity.
The degroe. of wurbulence of -the tunnel is ot known quentitatively
but 1is helleved to be small because of the high contraction ratio.

. Corrections .
- A11~deta have heen torructed for tares caused ‘b'y" uhe'r.o&el-

support struts. dJet~boundsry correcitions were computed as follows
(roference 2) where the subscript = refors to tho meessured values:

e
it

oy, 0'.8801,m
Op = Op_ + 0.01280, 2 '
n = On, + 0.022201,

= Cu, + 0.0237Cr,

Gz = 009&}Zm

(=]
f

( for flaps undeflected.)

. {for Pleps deflected)

©
B
I

Cp = Cn, - 0.0173Cq,Cr

A1l force and. moment cqeffioients wore correc‘bed. for 'blocking by

- ‘the me’bhoa. pregonted. in reference 3. -An increment in drag coefficient
has been added in order to account for the horizontal buoysncy effec'bed
by the longitudinal static pressure gradient in the twmel.
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RESULTS AND DISCUSSION - . = =

An outline of the figures presenting the results is as follows:-

Bagic data: . T o Figure
Elevator tesbs. ¢ o o o o « o e & v s s . e e s a e e 8 to 10
Stebllizer ©08t8 « « o « i o o 0 ¢ 0 e s 4 0 0 s s0’e o 1l 0 13
DOMW&Sh a8t 'bail ¢ e & & ® 8 e & @ ¢ v & & @« ® -o . .- e« &« @« » @ l’-f'
Rudader wsts L] s'e L] - L] L] * - L] L] . -« L * L] - _-. - * . . 15 .m 17
La-tera;l“l)araﬂ]e ter 'bests s & 5 € s e e & 7 . AL A A B I 4 18

Svmary date:
Variation of Cm'SBWith P-b--oo-_- e a s ¥y e e s v 0 0 e 19

 Variation of Crgy With Ty oo oo e v oo v innenen o 20
Variation of & with Tp a.e 4 e v o o c 0 v 4 e s o o o o« 21
Yariation ofﬂ.Cnaé with Ty « & R B AL NN R B 22
Variation of neutrel points with Cp o » . . v v 4 ¢ 2 v o ¢ « 23

V'aria'bionof (Cma)t 'with Ftltl.o-ouonnovopoc 211-
Verietion of (an) and. (c;@ with Iy 25

*
.
-
.
b
L]
-
Y
.

Lift ocharscteristics.- The 11ft characterlstics of the model with
the vee t&il are préeented in fimures 8 to 13 end are summarized in
the followling teblo:

'y CIJE]E}C
(deg) | trimmed cL“
Sf = QC .
35 O.gg 0.085
b7 R .0E8
55 .81 035
Bf = 600
35 1.l9 090
L 1.15 | .08
55« 1.18 083

Horizontel tall characteristics.- Mean values describing the
effectivencss of the elevator and stabllizer for the different
dlbedral engles are plotted against tail dihedral angle in figures 19
_ 8nd 20, respectively. The values at Iy = 0° that are uresented were
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obtained by multiplying the values obtained with a conventional
horizontal tail of the same aspect ratic (data obtained in the
Iangley 300 MPH 7- by 10-foot tunnel) on the same wing-fuselage
combination by the ratio of tall areasd. Also presented in these
figures ars the theoretical veriations based on the isolated-tail
theory of reference 1. The experimentel and theoretical results

are in fair egreement, but the general trend of the evperimental
results seems to indicate that there may be B slight increase in
effectiveness at the higher dihedral engles over that predicted by
the theory. ' : : ‘ ) o

. Downwagh at the tail.- The average effective-downwash values

" for the various tail dihedral angles are presented in figure k.
These values were evaluated from tall-on and tail-off piliching
moments; and, elnce the pitching moment sontridbuted by a vee tail
depends on sidewash as well as downwash, the effective downwash,
rather than the actual downwash existing in the vertical plane,

is obtalned. The effective dowmwash is defined as the downwash that
alone would produce the same pltching moment as that produced by
the actual downwash and sidewash. A method of estimating the
effect of sidewash on effective downwash and longitudinal stability
ig presented in the appendix. .

Flgure 21 shows the effect of tail dihedral angle on the rate of
change of effective downwash angle with angle of attack. Two theo-
retical variations with dihedral angle are aslso incluvded. Oue curve
takes Into account the chenge in taill height and was determined from
the charts of reference U by assuming the tail height to be equal to
the helght of the tail mean aerodynamic chord. The other curve
includes both the effect of tall helght and the effect of sidewash
(see appendix) and is in fair agreenent with the experimental data.

Rudder effectiveness.- Values of the rudder-effectiveness
parameter Cn,‘:7 obtained from figures 15 to 17 are plotted against
- _ . :
tail dihedral angle T g -in figure 22. The theoretical variation

of C with [Py, as estimated from the isolated-teil theory of

n

reference 1, is also presented. The increase in &ffectiveness is
probably due to the rudder induced load carried by the dorsal
trunk. Also presented in figure 22 are the variations of G,

end C, 51/ Cnﬁr with F-b . fl‘he retio of adverse rollling moments to
favorable yawj_ng moments produced by rudder deflection is greater for
the vee tall than for the conventional tail. )

Static_longitudinal stebility.- The neutral-point logations for

bk .

both the cruising and landing configurations are presented in figurs 23.
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The tgll=-off neutral points and the assumsd center-of -gravity position
at 25 percent M.A.C. about which the moments were reasured are also
indicated. The curves indicate that the mcdel with the vee tall has
greater longitudinal stability then the model with the horizontal
tall for the three tail dihedral angles tested. The 470 tail, which
according to isolated~tall theory should contribute the same
longitudinal stability as the horizontal tail tested, actually
contributes 40 percent more longitudinal stebility than the horizontal
tall. The variation of Cmm) with T, 1s presented in figuve 2k,
+ .o
For comperison, the horizontal-teil contribution (I'y = 09) wes

increased by the retioc of the vee-tail area to the horizontal-tall
area. Also presented in -this figure. is the theoretical variation of
(Fﬁ ) with Iy, and 1t can be sesn that the decrease in
a - ) _
t

longitudinal stebility with dihedral:.angle -is overestimsted. The
overestimated decrease in stability can he accounted for by the
increase in stabilizer effectiveness end the decrease in the rete of
change of effective downwash with angle of attack due to the increased
tail height and the favorable effect of sldewash. A method of
estimating thls sidewash effect is presented in the appendix.

Static directionel and lateral stablility.- The static lateral~
stability paremeters determined from pitch tests at yeaw angles '
of 5° and -5© for both the high-speed and the lending configurationa
are plottod ageinst angle of attack in figuro 18. In the high-speed
configuration a large amount of directional and lateral stability
cxigts for all three dihedral angles and the meximm stebility would
appear to occur at some angle between 47° and 55°, In the landing
configuratich the high static directionsl stebility end the dihedral
effect are indicated for angles of sttack below 6°. -Above 6° there is
a slight loss of dlhedral effect and a large loss in directional
stability. It —will be noted that the 47° vee tail, which is tho best
of those tested, contributed approximately 40 percent more longitudinal
and directional stability and 90 percent morq dilhedral effect than
the conventional tail. The increase in directional stability, however,
is due to the fact that the aspect ratio of the vee tail is greater
then that of the vertlical tall and due to the dorsal trunk upon which
the vee tail was mounted. The effect of this trumk can be seen in
figure 25, which presents the actual and theorsticel varistions of
the tail contribution 4o directional stability (cnw) and to

L

dihedral offect (cz\y) with tail dihedral angle. The reesons for
t : L '

the large cantribution to directichal stability of this small trunk
(approx. 10 percent of the vee-tail area) are that the trunk incrsases
the effective aspect ratlio of .the veg tail in yaw. BSince tail
effectiveness is proportional to VsinEPt, this trunk is more

effective per unit area then the vee tail.
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.

The high dihedral effect (eq_uivalent o apbrox 16.5° of
wing geomstric dilhedral for the . 1!-'{0 'ba.il) is due to 'bhe hie}i geometric
dihedral of ths 'tail- o _ P el

CONCLUSIONS -

From low-gspeed wind-tunnel tests of a complets model equip'oei
with a vee tall having tail dihedral angles of 350 1(-70 and’ 55 and
from comparisons with tests of .a conventional Joail used wi'bh the
semw wing-fuselege combination, the following conclusions with rega.rd.
to static stability aid control were reached.' '

1. The W7° vee tall appeared to be the best &F those 'bested.
when both lengitudinal and lsteral s'babili'by were concerned.. _

2. The 47° vog tall, the ares of which was a.pnroxima.tely the same
(2 percent grea:be:c') as the conventional tail assembly but was mounted .
on a small dorsal trunk (10 percent of vee-tail area), contributed
LO percent more longitudinal and directional sbability and 90 percen-b
more dlhedral effect 'l:ha.n the conventional tail.

3. The Increase In directlonal stebility was dus to the dorasl
trunk and: to the fact that the vee tail had a greater aspect ratio
than the vertical tail.

L. The increass in longitudinal stability was ceused by the
increase in stabilizer effectiveness and the decresase in the rate
of change of effective downwash with angle of attack due %o the high
tail position and ‘the favorabls effect of sidewash at tHe tail,

5 The measured variations of siebllizer end elevator effecitiveness
with tell dihedral angle agreed feirly well with the isola'bed-tail
theory. - T

Lengliey Memorial Aercnmautbicel Ieboratory
Hational Advisory Committee for Aeronautics

Lengley Fleld, Va., July 31, 1947
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APPENDIX

METHOD OF ESTIMATING SIDEWASH EFFECT ON LONGITUDIRAL STABILITY

Synbols

o anzle of attack of ailrplane In plane of syumetry

(O’;N) angle of attack of ta1l panel in plane normal to chord
tail plane of tall surfaoce )

€ induced angle (downwash) in plans of syrmetry

€y induced angle in plane normal to chord vlane of tail
surface
(CL) tail 1ift cpefficlent of tail msagured in plane of symmetyy

(CLCQ lift-curve slope of tell in plame normal to chord plane
N of tall surfacs '

I dlhedral angle of tail swface

(Gm)_ba ., ®irplene pitching moment de to tall 1ift

b

éi span of one vee-tall nanel ) .
EW M.A.C. Oi: Wing - -

M.AC. of tall

[+]]
ck

cy local chord of tail .
1y tall length mea.sured.‘ £rom C.ge to 'E.t/l}

Sg actual (not projected) area of tall

Sy wing axrea

q froe~strean dynamic presgsure

Qg effective dynamic pressure at tail

w total induced velocity in vertical plans (wp + wg)
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Wi veloclty in verticel plane induced by trailing vortilces
(éovrwash)

;) veloclty in vertical plane induced by boﬁna. vortsx
(dovmwash)

Wy volocity in plans ncrmal to vertical plane induced by

trailing vortices {sidewash)

total induced velocity in plane wmormal to tall panel

N
WTII veloclity in ncrxseel 1?lane induced br ta‘a?l_ipg vorticegs o
X tall length measured from Cufh to o/b )
8 wing vortex semisp-an
v tangentiél volocliy of & vortex at Y for unit circulation
distance fram vortex center to point in question
v voloeity at tail parallel to X-axls

Mcthed

Then the Iongltudinsl stablility comtributed by a vee tail is
calculated, the effect of sidewash should be included. The following
derivation of the longltudinal-stability equation includes this
effect. The angle of atback In the plane normel to the tall panel
is as follows (see fig. 26): T

(1)

N
=

@taﬂ_l = o cas Iy -

D)ty I;"‘ (%)n ) rasy o8 T (2)

By subsbituting equation (1} in eguation (2)

<CI> a3l = (CI'“>N (cs cos Iy - EI\D"cog r, : o) | _
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Now
(Cm tail (CI')ta.iT 0%- L% %13." | ()

and by substituting equatlon (3) in equation (4)

~ s d+
C = F - C :’i -1? L
O I T T F

or
” .=OOSP~5_€§>® cos. T, 1t By 9t (5)
m‘Dtail St N b8, a

Since all avallable theoretical and experimental induced angles are -
presontod as dowavash angles ¢, squation (5) will be revieed by

Sexy % ¥
replacing S with a’& end & correction factor. Since ¢ =3 -

and eN=‘;.-N,

oe de W : -
N 96 Yy
da S W (6)

By substituting equation (6) in equation (5)

O¢ Z’.:b t A
= [cog I, - = C cos el (1)
<m°‘>tail ( R )(""’ i Sy 8y @
A more convenlent form of eguation (7) is

Wir on b4 5. q
C ={1 - ¢ 2p, & Th it 8
(ma)tail S W cos Ft) ( ) P E 8, e (©)
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Values of gi may be obteinsd from the charts of reference & by
use of a tall ;‘r}eight egual to the helght of the M.A.C. of ths tall..

Values of may be obtained as follows:
W cos Ft
W cos I W,
¥ .8 L, N,
w cos I’.,? w cos Iy w cos I'_b
and . .
W _ _"B o Ty Vi
woeos Iy W Vi cOB L, w
or
v Wi, %
wp_:.-&?—i«m“qi—: l-"'?i) (9)
w cos [y  Vip cos Ty :

An’spproximate value =2 may be obtainod From the following

equation which was derived from the equation for downwash due to the
bound and trailing vortices given int reference 5% '

2

v 8 . .

2 = (20)
§2 + 32 +X;X2 + g8

Equation {10} is for a point midway betw~en the two tralling vortices
in the plane of the horseshos vortex bub is sufflciently accurate for
these calculations,

Pl

The factor ——w?-w-— (equation (9)) may be deotermined graphically
. wp cos Ty _

ag follows: By assuming a horseshoe vortex of span equal to 90 percent
of the wing span (see flg. 27), the induced velocities dus to the
trailing vortices in the normal end vertical planes are obtained

at various spanwise stations of the tail, Inasmuch as only velocity
ratios are deslred, the tangential velocity v of the vortex at the
Tirst spanwige peint investigated may be drawn to any convenient Yength.
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At any other point the veloclty may then be easily drawn since 1t is
inversely propcortional to the distance ¥ fLfrom the vortex center to
the point in gquestion. "At each spanwlse station the induced
veloclties wp  and w, cos I'y dus to both treiling vortices exe

y aotor iDL
obtained and then the factor | is we*{;hted accord.ing to the

* Wp cos Iy

local chowd and intee;r‘ated over the span in order to6 obtain an
average value to substitute in equation (9). This procedure need
be dono for only onc panel gince it will be the same for both.

Wi
Prom flgurs 27 1t can be seen that ——-‘-11-—-— ig less then unlty

W COB Pt
and that the reduction ie-due to the sidewassh Voo
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Figure 1.~ System of axes and control-surface hinge moments and
deflections. Positive values of forces, moments, and angles are
indicated by arrows. Positive values of tab hinge moments and
deflections are in the samie directions as the positive values for
the control surfaces to which the tabs are attached.
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Figure 2.- Front view of model mounted in the Langley 300 MPH
7= by 10-foot tunnel.
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Figure 3.- Rear view of model mounted in the Langley 300 MPH
7- by 10~foot tunnel.
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280" : ' - Wing ar¢s (Including rllarons, flaps, fuselage), 5 ft ........ 8,125
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Figure 4,- Three-view drawing of the model.
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Figure 5,- Vee-iail panel. Area (iotal, not including trunk), 3.31 square feet; area
(dorsal trunk), 0.32 square feet; aspect ratio, 5.0.
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Figure 6.- Vertical tail. Area (total), 1.60 square feet;
aspect ratio, 1.74.
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" NATTONAL ADVISORY COMMITIEE FOR AERONAUTICS

TECHNTICAT, NOTE NO. 1478

WIND-TUNNEL INVESTIGATION OF ‘I’.EIE STAZBILITY AND. CONTROL
CHARACTEBISTICS OF A COMPLETE MODEL
EQUIPPED WITH A VEE TAIL

. By Edward C. Polhemus and Robert J. Mogs .
SUMMARY

A wind~tummel investigation wee conducted to determine the- low—-speed
stability and control characteristics of a cormmlsdte model eq_uipped.
with & vee tail. Tail dihedral angles of 35°, b7°, and 55° wers -
tested and the results compared with results of tests of a conventionsl.-
tall arrangement used with the same wing-fuselese com'bina,'_bion. The
aresa of the vee tall was sligh greater than that of the conventional~
tail asgembly {aoprox. 2 percent}, and the vee taill was mounted.on a
small dorsal trunk (10 porcent.of " yee-tail area). The total wetted
area of the vee~-tall assembly, thersfore, was evproximately 12 percent
greater, than that of the conventional-tail assembly. The aspect ratio
of the vee tall wus equal to that of the horizontael tail hut greater
‘than tha'b of the vertical tail. B

The -1.'-70 vee tall was the best of those tested when both longli-
tudinal end lateral stebility were concermed, and it contributed
40 percent more longitudinal and directional stability and 90 percent
more Glhedral effect then the convenbtional tail.

The increase in directlonel stabillity was due to the dorsal
trunk and to the fact that the vee tall had a greater aspect ra,'bio
than the vertilcal 'bail.

The increase. in longi‘budina.l stebility wes caused by the increase
in gtabilizer effectivensss and the decrease in the rate of changs of
effective dowvmwesh with angle of attack due to the high tail position
and the favorable effect of sildewash at Tthe tail. A method of
predicting the sidewash effect is presented in an appendix. _ o
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. INTRODUCTION

Interest hes boen displayed in vee tails, particularly for hish-
speed aircralt, becauvse of: (1) the pessibillty of a reduction in
drag of the smmennagcs due to an improved tell-fuselugs Juncturs and
due tu & reduwctlon in tell arca and (2) the location of the tail
out of the wing walke without encountering difficult structural
problems. The isolated-tail theory (reference 1) indicates that en
isclated vee-tail surface vproducing stability parsmeters equal to
thoge produced by en isolated conventional-tall assembly (erd having
oqual effective aspeot ratios) must have an ares equal. to that of the
conventional~-tall essembly. When tho vee tail 1s used with a wing-
fusgelage comblination, additional Tactors such as the downwash and
gldewash associated with the wing-fuselege vortex pattorn muet be
consilderod, Inssmuch as the effects of these factors are &ifficunlt
to evaluvate theoretically, an experimenial investigation was made of
a voe tail useA with a wing~fuselagos combination. This vee tall had
the. same tall length and spproxivately the same total ares as the
gl of the horizontal end veritlcal tall surfaces cf a conventional
t2il theat was mreviously invsstigated with the same wing-fusslage
combination. The vee tail, however, was mounted on a amall dorsal
trunk, the area of which was approximately 10 percent of the area of
the ves tail. The effect of thia dorsal. trunk on lateral etability
shoilld be consldered whon comparing the vee and comventional talls.
The aspect ratio of the vee tail was equel to that of tha horlzontal
tail bubt wvas greater than that of the vertical tail,

The investigation included stability and comtrol tests, with and
without wing flaps, for tail dihedral angles of 35°, ¥7°, and 53°.

SYMBOLS -~

The systein of axses used Tor the presentation of the data
togethor with an indication of the sense of the nositive forces
and moments Is presented in figure 1. All moments are presented about
the center. of gravity. Pertinent symbols are defined as follows:

Cr, 1ift cosflicient (Lift/gS)

Cp  drag cosfficient (Drag/qS)

Pitching moment
Cn, pitching-moment ccefficient < - }:_ n>
gsSc
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Cq rolling-moment coefficlent! G?olling mn?
aSb
Cn yawing-noment coefficlent G‘awing momen‘c)
. asb
CY lateral-~force coefficilent Gater:;. forc?
s wing area, mquare feet
b wing span, feet
¢ wing mean eerodynemic chord (M.A.C.), feet
q - dynamic pressure, pounds per square fo_q"q _ (pva/é
p megs density of air, slugs per cublc foob |
v free-gtream veloclty, feet per second
M . Mach number
o angle of attack of i"uselgge ‘center line, figgrees_
€ angle of downwesh, degrees
€g éffective downwash (domash that alone has seme effect as
dovmwesh snd sidewash) . :
1y stebilizer setting (angle between. line of intersection of
tail _pamls and fuselage center line), degroes
¥ angle of yaw, degrees
control-surface deflsction wilth reference to fixed swriace
and measured in plane normal to fixed surface,- degrees
1"t tall dihedral angle with reference to horizontal, de_éee‘a
Subscripts: .
t tall
o elevator
r rudder
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flep

n]

measured valms

denote partial derivative of a coefficient with respect tu 3,
S¢s i, B,., @, ¥, respectively; for sxauple, C%*b = TN

<Ry

MODEL, AND APPARATUS

The model equipped with a 47° vee tail is ehown mounted- in
the Langley 300 MPH T- by 10-foot tunnel in figures 2 and 3 and s
three -view drawing of the model as tesled 1s prosented in figure k.
Dotails of the vee~tall panol are zresented im Figure 5; details of
the conventional-tail assembly are shown in figures O and T,

The model was constructed of wood attaeched to metal reinforcing
members with Cycdeweld cement except for the all-metal controld
gurfaces. The tall-control aurfaces and wing flaps were 20-porcont- .
chord plain flape and the allerons were 15-porcent-chord plain fleps.
All controls were flat-slded from the hinge llne to the tralling edes
" and all control geps were sealed. .

Speciiic model conflgurations referred to herein ars as follows:
(a) High-speed configuration
Flaps retracted
ILanding gper retracted
(b) Landing configuration
Flaps deflected 60°
Landling guwar extended
The tests were conducted in the Langley 300 MPH 7- by 10-foot tumnsl,
which 18 a cloged rectangular tuynnel with a contraction ratio of 1h:1
and is powered by a 1600-horsepower synchronous motor.
TESTS

Tegt Conditlons

Tests in the high-speed configuration were rum. at dynamic
pressures of 88.5 and 165.2 powinds per square foot. Tests in tho -
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lending sonfiguration were run at a dynamic pressure of 33.5 pounds
et sguare foot, The corresponding approximabe veluss of Mach number
and Reynolds mumber (basged on & ving mean a.erod.ynamic chord. of :
1.802 Pt) were as followss '~ _ ) -

D‘ﬂﬁ%c}ﬂgr;tslwa Maich Tiumber Reynoldas nim'bér
33.5 ¢ * 0.15° 1.28 % 106 “
88.5 ¢ - « e -25 2 08 X 100
165.2 Ry -35" " 2.8 x 106°

B - s v

[ T T B T SR

Tlio Reynolds nwiber was computad using e ‘turbnlsnecs *actor of uwnity.
The degroe. of wurbulence of -the tunnel is ot known quentitatively
but 1is helleved to be small because of the high contraction ratio.

. Corrections .
- A11~deta have heen torructed for tares caused ‘b'y" uhe'r.o&el-

support struts. dJet~boundsry correcitions were computed as follows
(roference 2) where the subscript = refors to tho meessured values:

e
it

oy, 0'.8801,m
Op = Op_ + 0.01280, 2 '
n = On, + 0.022201,

= Cu, + 0.0237Cr,

Gz = 009&}Zm

(=]
f

( for flaps undeflected.)

. {for Pleps deflected)

©
B
I

Cp = Cn, - 0.0173Cq,Cr

A1l force and. moment cqeffioients wore correc‘bed. for 'blocking by

- ‘the me’bhoa. pregonted. in reference 3. -An increment in drag coefficient
has been added in order to account for the horizontal buoysncy effec'bed
by the longitudinal static pressure gradient in the twmel.
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RESULTS AND DISCUSSION - . = =

An outline of the figures presenting the results is as follows:-

Bagic data: . T o Figure
Elevator tesbs. ¢ o o o o « o e & v s s . e e s a e e 8 to 10
Stebllizer ©08t8 « « o « i o o 0 ¢ 0 e s 4 0 0 s s0’e o 1l 0 13
DOMW&Sh a8t 'bail ¢ e & & ® 8 e & @ ¢ v & & @« ® -o . .- e« &« @« » @ l’-f'
Rudader wsts L] s'e L] - L] L] * - L] L] . -« L * L] - _-. - * . . 15 .m 17
La-tera;l“l)araﬂ]e ter 'bests s & 5 € s e e & 7 . AL A A B I 4 18

Svmary date:
Variation of Cm'SBWith P-b--oo-_- e a s ¥y e e s v 0 0 e 19

 Variation of Crgy With Ty oo oo e v oo v innenen o 20
Variation of & with Tp a.e 4 e v o o c 0 v 4 e s o o o o« 21
Yariation ofﬂ.Cnaé with Ty « & R B AL NN R B 22
Variation of neutrel points with Cp o » . . v v 4 ¢ 2 v o ¢ « 23

V'aria'bionof (Cma)t 'with Ftltl.o-ouonnovopoc 211-
Verietion of (an) and. (c;@ with Iy 25

*
.
-
.
b
L]
-
Y
.

Lift ocharscteristics.- The 11ft characterlstics of the model with
the vee t&il are préeented in fimures 8 to 13 end are summarized in
the followling teblo:

'y CIJE]E}C
(deg) | trimmed cL“
Sf = QC .
35 O.gg 0.085
b7 R .0E8
55 .81 035
Bf = 600
35 1.l9 090
L 1.15 | .08
55« 1.18 083

Horizontel tall characteristics.- Mean values describing the
effectivencss of the elevator and stabllizer for the different
dlbedral engles are plotted against tail dihedral angle in figures 19
_ 8nd 20, respectively. The values at Iy = 0° that are uresented were
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obtained by multiplying the values obtained with a conventional
horizontal tail of the same aspect ratic (data obtained in the
Iangley 300 MPH 7- by 10-foot tunnel) on the same wing-fuselage
combination by the ratio of tall areasd. Also presented in these
figures ars the theoretical veriations based on the isolated-tail
theory of reference 1. The experimentel and theoretical results

are in fair egreement, but the general trend of the evperimental
results seems to indicate that there may be B slight increase in
effectiveness at the higher dihedral engles over that predicted by
the theory. ' : : ‘ ) o

. Downwagh at the tail.- The average effective-downwash values

" for the various tail dihedral angles are presented in figure k.
These values were evaluated from tall-on and tail-off piliching
moments; and, elnce the pitching moment sontridbuted by a vee tail
depends on sidewash as well as downwash, the effective downwash,
rather than the actual downwash existing in the vertical plane,

is obtalned. The effective dowmwash is defined as the downwash that
alone would produce the same pltching moment as that produced by
the actual downwash and sidewash. A method of estimating the
effect of sidewash on effective downwash and longitudinal stability
ig presented in the appendix. .

Flgure 21 shows the effect of tail dihedral angle on the rate of
change of effective downwash angle with angle of attack. Two theo-
retical variations with dihedral angle are aslso incluvded. Oue curve
takes Into account the chenge in taill height and was determined from
the charts of reference U by assuming the tail height to be equal to
the helght of the tail mean aerodynamic chord. The other curve
includes both the effect of tall helght and the effect of sidewash
(see appendix) and is in fair agreenent with the experimental data.

Rudder effectiveness.- Values of the rudder-effectiveness
parameter Cn,‘:7 obtained from figures 15 to 17 are plotted against
- _ . :
tail dihedral angle T g -in figure 22. The theoretical variation

of C with [Py, as estimated from the isolated-teil theory of

n

reference 1, is also presented. The increase in &ffectiveness is
probably due to the rudder induced load carried by the dorsal
trunk. Also presented in figure 22 are the variations of G,

end C, 51/ Cnﬁr with F-b . fl‘he retio of adverse rollling moments to
favorable yawj_ng moments produced by rudder deflection is greater for
the vee tall than for the conventional tail. )

Static_longitudinal stebility.- The neutral-point logations for

bk .

both the cruising and landing configurations are presented in figurs 23.
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The tgll=-off neutral points and the assumsd center-of -gravity position
at 25 percent M.A.C. about which the moments were reasured are also
indicated. The curves indicate that the mcdel with the vee tall has
greater longitudinal stability then the model with the horizontal
tall for the three tail dihedral angles tested. The 470 tail, which
according to isolated~tall theory should contribute the same
longitudinal stability as the horizontal tail tested, actually
contributes 40 percent more longitudinal stebility than the horizontal
tall. The variation of Cmm) with T, 1s presented in figuve 2k,
+ .o
For comperison, the horizontal-teil contribution (I'y = 09) wes

increased by the retioc of the vee-tail area to the horizontal-tall
area. Also presented in -this figure. is the theoretical variation of
(Fﬁ ) with Iy, and 1t can be sesn that the decrease in
a - ) _
t

longitudinal stebility with dihedral:.angle -is overestimsted. The
overestimated decrease in stability can he accounted for by the
increase in stabilizer effectiveness end the decrease in the rete of
change of effective downwash with angle of attack due to the increased
tail height and the favorable effect of sldewash. A method of
estimating thls sidewash effect is presented in the appendix.

Static directionel and lateral stablility.- The static lateral~
stability paremeters determined from pitch tests at yeaw angles '
of 5° and -5© for both the high-speed and the lending configurationa
are plottod ageinst angle of attack in figuro 18. In the high-speed
configuration a large amount of directional and lateral stability
cxigts for all three dihedral angles and the meximm stebility would
appear to occur at some angle between 47° and 55°, In the landing
configuratich the high static directionsl stebility end the dihedral
effect are indicated for angles of sttack below 6°. -Above 6° there is
a slight loss of dlhedral effect and a large loss in directional
stability. It —will be noted that the 47° vee tail, which is tho best
of those tested, contributed approximately 40 percent more longitudinal
and directional stability and 90 percent morq dilhedral effect than
the conventional tail. The increase in directional stability, however,
is due to the fact that the aspect ratio of the vee tail is greater
then that of the vertlical tall and due to the dorsal trunk upon which
the vee tail was mounted. The effect of this trumk can be seen in
figure 25, which presents the actual and theorsticel varistions of
the tail contribution 4o directional stability (cnw) and to

L

dihedral offect (cz\y) with tail dihedral angle. The reesons for
t : L '

the large cantribution to directichal stability of this small trunk
(approx. 10 percent of the vee-tail area) are that the trunk incrsases
the effective aspect ratlio of .the veg tail in yaw. BSince tail
effectiveness is proportional to VsinEPt, this trunk is more

effective per unit area then the vee tail.
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.

The high dihedral effect (eq_uivalent o apbrox 16.5° of
wing geomstric dilhedral for the . 1!-'{0 'ba.il) is due to 'bhe hie}i geometric
dihedral of ths 'tail- o _ P el

CONCLUSIONS -

From low-gspeed wind-tunnel tests of a complets model equip'oei
with a vee tall having tail dihedral angles of 350 1(-70 and’ 55 and
from comparisons with tests of .a conventional Joail used wi'bh the
semw wing-fuselege combination, the following conclusions with rega.rd.
to static stability aid control were reached.' '

1. The W7° vee tall appeared to be the best &F those 'bested.
when both lengitudinal and lsteral s'babili'by were concerned.. _

2. The 47° vog tall, the ares of which was a.pnroxima.tely the same
(2 percent grea:be:c') as the conventional tail assembly but was mounted .
on a small dorsal trunk (10 percent of vee-tail area), contributed
LO percent more longitudinal and directional sbability and 90 percen-b
more dlhedral effect 'l:ha.n the conventional tail.

3. The Increase In directlonal stebility was dus to the dorasl
trunk and: to the fact that the vee tail had a greater aspect ratio
than the vertical tail.

L. The increass in longitudinal stability was ceused by the
increase in stabilizer effectiveness and the decresase in the rate
of change of effective downwash with angle of attack due %o the high
tail position and ‘the favorabls effect of sidewash at tHe tail,

5 The measured variations of siebllizer end elevator effecitiveness
with tell dihedral angle agreed feirly well with the isola'bed-tail
theory. - T

Lengliey Memorial Aercnmautbicel Ieboratory
Hational Advisory Committee for Aeronautics

Lengley Fleld, Va., July 31, 1947
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APPENDIX

METHOD OF ESTIMATING SIDEWASH EFFECT ON LONGITUDIRAL STABILITY

Synbols

o anzle of attack of ailrplane In plane of syumetry

(O’;N) angle of attack of ta1l panel in plane normal to chord
tail plane of tall surfaoce )

€ induced angle (downwash) in plans of syrmetry

€y induced angle in plane normal to chord vlane of tail
surface
(CL) tail 1ift cpefficlent of tail msagured in plane of symmetyy

(CLCQ lift-curve slope of tell in plame normal to chord plane
N of tall surfacs '

I dlhedral angle of tail swface

(Gm)_ba ., ®irplene pitching moment de to tall 1ift

b

éi span of one vee-tall nanel ) .
EW M.A.C. Oi: Wing - -

M.AC. of tall

[+]]
ck

cy local chord of tail .
1y tall length mea.sured.‘ £rom C.ge to 'E.t/l}

Sg actual (not projected) area of tall

Sy wing axrea

q froe~strean dynamic presgsure

Qg effective dynamic pressure at tail

w total induced velocity in vertical plans (wp + wg)
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Wi veloclty in verticel plane induced by trailing vortilces
(éovrwash)

;) veloclty in vertical plane induced by boﬁna. vortsx
(dovmwash)

Wy volocity in plans ncrmal to vertical plane induced by

trailing vortices {sidewash)

total induced velocity in plane wmormal to tall panel

N
WTII veloclity in ncrxseel 1?lane induced br ta‘a?l_ipg vorticegs o
X tall length measured from Cufh to o/b )
8 wing vortex semisp-an
v tangentiél volocliy of & vortex at Y for unit circulation
distance fram vortex center to point in question
v voloeity at tail parallel to X-axls

Mcthed

Then the Iongltudinsl stablility comtributed by a vee tail is
calculated, the effect of sidewash should be included. The following
derivation of the longltudinal-stability equation includes this
effect. The angle of atback In the plane normel to the tall panel
is as follows (see fig. 26): T

(1)

N
=

@taﬂ_l = o cas Iy -

D)ty I;"‘ (%)n ) rasy o8 T (2)

By subsbituting equation (1} in eguation (2)

<CI> a3l = (CI'“>N (cs cos Iy - EI\D"cog r, : o) | _
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Now
(Cm tail (CI')ta.iT 0%- L% %13." | ()

and by substituting equatlon (3) in equation (4)

~ s d+
C = F - C :’i -1? L
O I T T F

or
” .=OOSP~5_€§>® cos. T, 1t By 9t (5)
m‘Dtail St N b8, a

Since all avallable theoretical and experimental induced angles are -
presontod as dowavash angles ¢, squation (5) will be revieed by

Sexy % ¥
replacing S with a’& end & correction factor. Since ¢ =3 -

and eN=‘;.-N,

oe de W : -
N 96 Yy
da S W (6)

By substituting equation (6) in equation (5)

O¢ Z’.:b t A
= [cog I, - = C cos el (1)
<m°‘>tail ( R )(""’ i Sy 8y @
A more convenlent form of eguation (7) is

Wir on b4 5. q
C ={1 - ¢ 2p, & Th it 8
(ma)tail S W cos Ft) ( ) P E 8, e (©)
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Values of gi may be obteinsd from the charts of reference & by
use of a tall ;‘r}eight egual to the helght of the M.A.C. of ths tall..

Values of may be obtained as follows:
W cos Ft
W cos I W,
¥ .8 L, N,
w cos I’.,? w cos Iy w cos I'_b
and . .
W _ _"B o Ty Vi
woeos Iy W Vi cOB L, w
or
v Wi, %
wp_:.-&?—i«m“qi—: l-"'?i) (9)
w cos [y  Vip cos Ty :

An’spproximate value =2 may be obtainod From the following

equation which was derived from the equation for downwash due to the
bound and trailing vortices given int reference 5% '

2

v 8 . .

2 = (20)
§2 + 32 +X;X2 + g8

Equation {10} is for a point midway betw~en the two tralling vortices
in the plane of the horseshos vortex bub is sufflciently accurate for
these calculations,

Pl

The factor ——w?-w-— (equation (9)) may be deotermined graphically
. wp cos Ty _

ag follows: By assuming a horseshoe vortex of span equal to 90 percent
of the wing span (see flg. 27), the induced velocities dus to the
trailing vortices in the normal end vertical planes are obtained

at various spanwise stations of the tail, Inasmuch as only velocity
ratios are deslred, the tangential velocity v of the vortex at the
Tirst spanwige peint investigated may be drawn to any convenient Yength.
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At any other point the veloclty may then be easily drawn since 1t is
inversely propcortional to the distance ¥ fLfrom the vortex center to
the point in gquestion. "At each spanwlse station the induced
veloclties wp  and w, cos I'y dus to both treiling vortices exe

y aotor iDL
obtained and then the factor | is we*{;hted accord.ing to the

* Wp cos Iy

local chowd and intee;r‘ated over the span in order to6 obtain an
average value to substitute in equation (9). This procedure need
be dono for only onc panel gince it will be the same for both.

Wi
Prom flgurs 27 1t can be seen that ——-‘-11-—-— ig less then unlty

W COB Pt
and that the reduction ie-due to the sidewassh Voo
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Figure 1.~ System of axes and control-surface hinge moments and
deflections. Positive values of forces, moments, and angles are
indicated by arrows. Positive values of tab hinge moments and
deflections are in the samie directions as the positive values for
the control surfaces to which the tabs are attached.
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Figure 3.- Rear view of model mounted in the Langley 300 MPH
7- by 10~foot tunnel.
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Figure 4,- Three-view drawing of the model.
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Figure 5,- Vee-iail panel. Area (iotal, not including trunk), 3.31 square feet; area
(dorsal trunk), 0.32 square feet; aspect ratio, 5.0.
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Figure 6.- Vertical tail. Area (total), 1.60 square feet;
aspect ratio, 1.74.
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TECHNTICAT, NOTE NO. 1478

WIND-TUNNEL INVESTIGATION OF ‘I’.EIE STAZBILITY AND. CONTROL
CHARACTEBISTICS OF A COMPLETE MODEL
EQUIPPED WITH A VEE TAIL

. By Edward C. Polhemus and Robert J. Mogs .
SUMMARY

A wind~tummel investigation wee conducted to determine the- low—-speed
stability and control characteristics of a cormmlsdte model eq_uipped.
with & vee tail. Tail dihedral angles of 35°, b7°, and 55° wers -
tested and the results compared with results of tests of a conventionsl.-
tall arrangement used with the same wing-fuselese com'bina,'_bion. The
aresa of the vee tall was sligh greater than that of the conventional~
tail asgembly {aoprox. 2 percent}, and the vee taill was mounted.on a
small dorsal trunk (10 porcent.of " yee-tail area). The total wetted
area of the vee~-tall assembly, thersfore, was evproximately 12 percent
greater, than that of the conventional-tail assembly. The aspect ratio
of the vee tall wus equal to that of the horizontael tail hut greater
‘than tha'b of the vertical tail. B

The -1.'-70 vee tall was the best of those tested when both longli-
tudinal end lateral stebility were concermed, and it contributed
40 percent more longitudinal and directional stability and 90 percent
more Glhedral effect then the convenbtional tail.

The increase in directlonel stabillity was due to the dorsal
trunk and to the fact that the vee tall had a greater aspect ra,'bio
than the vertilcal 'bail.

The increase. in longi‘budina.l stebility wes caused by the increase
in gtabilizer effectivensss and the decrease in the rate of changs of
effective dowvmwesh with angle of attack due to the high tail position
and the favorable effect of sildewash at Tthe tail. A method of
predicting the sidewash effect is presented in an appendix. _ o
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. INTRODUCTION

Interest hes boen displayed in vee tails, particularly for hish-
speed aircralt, becauvse of: (1) the pessibillty of a reduction in
drag of the smmennagcs due to an improved tell-fuselugs Juncturs and
due tu & reduwctlon in tell arca and (2) the location of the tail
out of the wing walke without encountering difficult structural
problems. The isolated-tail theory (reference 1) indicates that en
isclated vee-tail surface vproducing stability parsmeters equal to
thoge produced by en isolated conventional-tall assembly (erd having
oqual effective aspeot ratios) must have an ares equal. to that of the
conventional~-tall essembly. When tho vee tail 1s used with a wing-
fusgelage comblination, additional Tactors such as the downwash and
gldewash associated with the wing-fuselege vortex pattorn muet be
consilderod, Inssmuch as the effects of these factors are &ifficunlt
to evaluvate theoretically, an experimenial investigation was made of
a voe tail useA with a wing~fuselagos combination. This vee tall had
the. same tall length and spproxivately the same total ares as the
gl of the horizontal end veritlcal tall surfaces cf a conventional
t2il theat was mreviously invsstigated with the same wing-fusslage
combination. The vee tail, however, was mounted on a amall dorsal
trunk, the area of which was approximately 10 percent of the area of
the ves tail. The effect of thia dorsal. trunk on lateral etability
shoilld be consldered whon comparing the vee and comventional talls.
The aspect ratio of the vee tail was equel to that of tha horlzontal
tail bubt wvas greater than that of the vertical tail,

The investigation included stability and comtrol tests, with and
without wing flaps, for tail dihedral angles of 35°, ¥7°, and 53°.

SYMBOLS -~

The systein of axses used Tor the presentation of the data
togethor with an indication of the sense of the nositive forces
and moments Is presented in figure 1. All moments are presented about
the center. of gravity. Pertinent symbols are defined as follows:

Cr, 1ift cosflicient (Lift/gS)

Cp  drag cosfficient (Drag/qS)

Pitching moment
Cn, pitching-moment ccefficient < - }:_ n>
gsSc
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Cq rolling-moment coefficlent! G?olling mn?
aSb
Cn yawing-noment coefficlent G‘awing momen‘c)
. asb
CY lateral-~force coefficilent Gater:;. forc?
s wing area, mquare feet
b wing span, feet
¢ wing mean eerodynemic chord (M.A.C.), feet
q - dynamic pressure, pounds per square fo_q"q _ (pva/é
p megs density of air, slugs per cublc foob |
v free-gtream veloclty, feet per second
M . Mach number
o angle of attack of i"uselgge ‘center line, figgrees_
€ angle of downwesh, degrees
€g éffective downwash (domash that alone has seme effect as
dovmwesh snd sidewash) . :
1y stebilizer setting (angle between. line of intersection of
tail _pamls and fuselage center line), degroes
¥ angle of yaw, degrees
control-surface deflsction wilth reference to fixed swriace
and measured in plane normal to fixed surface,- degrees
1"t tall dihedral angle with reference to horizontal, de_éee‘a
Subscripts: .
t tall
o elevator
r rudder
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flep

n]

measured valms

denote partial derivative of a coefficient with respect tu 3,
S¢s i, B,., @, ¥, respectively; for sxauple, C%*b = TN

<Ry

MODEL, AND APPARATUS

The model equipped with a 47° vee tail is ehown mounted- in
the Langley 300 MPH T- by 10-foot tunnel in figures 2 and 3 and s
three -view drawing of the model as tesled 1s prosented in figure k.
Dotails of the vee~tall panol are zresented im Figure 5; details of
the conventional-tail assembly are shown in figures O and T,

The model was constructed of wood attaeched to metal reinforcing
members with Cycdeweld cement except for the all-metal controld
gurfaces. The tall-control aurfaces and wing flaps were 20-porcont- .
chord plain flape and the allerons were 15-porcent-chord plain fleps.
All controls were flat-slded from the hinge llne to the tralling edes
" and all control geps were sealed. .

Speciiic model conflgurations referred to herein ars as follows:
(a) High-speed configuration
Flaps retracted
ILanding gper retracted
(b) Landing configuration
Flaps deflected 60°
Landling guwar extended
The tests were conducted in the Langley 300 MPH 7- by 10-foot tumnsl,
which 18 a cloged rectangular tuynnel with a contraction ratio of 1h:1
and is powered by a 1600-horsepower synchronous motor.
TESTS

Tegt Conditlons

Tests in the high-speed configuration were rum. at dynamic
pressures of 88.5 and 165.2 powinds per square foot. Tests in tho -
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lending sonfiguration were run at a dynamic pressure of 33.5 pounds
et sguare foot, The corresponding approximabe veluss of Mach number
and Reynolds mumber (basged on & ving mean a.erod.ynamic chord. of :
1.802 Pt) were as followss '~ _ ) -

D‘ﬂﬁ%c}ﬂgr;tslwa Maich Tiumber Reynoldas nim'bér
33.5 ¢ * 0.15° 1.28 % 106 “
88.5 ¢ - « e -25 2 08 X 100
165.2 Ry -35" " 2.8 x 106°

B - s v

[ T T B T SR

Tlio Reynolds nwiber was computad using e ‘turbnlsnecs *actor of uwnity.
The degroe. of wurbulence of -the tunnel is ot known quentitatively
but 1is helleved to be small because of the high contraction ratio.

. Corrections .
- A11~deta have heen torructed for tares caused ‘b'y" uhe'r.o&el-

support struts. dJet~boundsry correcitions were computed as follows
(roference 2) where the subscript = refors to tho meessured values:

e
it

oy, 0'.8801,m
Op = Op_ + 0.01280, 2 '
n = On, + 0.022201,

= Cu, + 0.0237Cr,

Gz = 009&}Zm

(=]
f

( for flaps undeflected.)

. {for Pleps deflected)

©
B
I

Cp = Cn, - 0.0173Cq,Cr

A1l force and. moment cqeffioients wore correc‘bed. for 'blocking by

- ‘the me’bhoa. pregonted. in reference 3. -An increment in drag coefficient
has been added in order to account for the horizontal buoysncy effec'bed
by the longitudinal static pressure gradient in the twmel.
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RESULTS AND DISCUSSION - . = =

An outline of the figures presenting the results is as follows:-

Bagic data: . T o Figure
Elevator tesbs. ¢ o o o o « o e & v s s . e e s a e e 8 to 10
Stebllizer ©08t8 « « o « i o o 0 ¢ 0 e s 4 0 0 s s0’e o 1l 0 13
DOMW&Sh a8t 'bail ¢ e & & ® 8 e & @ ¢ v & & @« ® -o . .- e« &« @« » @ l’-f'
Rudader wsts L] s'e L] - L] L] * - L] L] . -« L * L] - _-. - * . . 15 .m 17
La-tera;l“l)araﬂ]e ter 'bests s & 5 € s e e & 7 . AL A A B I 4 18

Svmary date:
Variation of Cm'SBWith P-b--oo-_- e a s ¥y e e s v 0 0 e 19

 Variation of Crgy With Ty oo oo e v oo v innenen o 20
Variation of & with Tp a.e 4 e v o o c 0 v 4 e s o o o o« 21
Yariation ofﬂ.Cnaé with Ty « & R B AL NN R B 22
Variation of neutrel points with Cp o » . . v v 4 ¢ 2 v o ¢ « 23

V'aria'bionof (Cma)t 'with Ftltl.o-ouonnovopoc 211-
Verietion of (an) and. (c;@ with Iy 25

*
.
-
.
b
L]
-
Y
.

Lift ocharscteristics.- The 11ft characterlstics of the model with
the vee t&il are préeented in fimures 8 to 13 end are summarized in
the followling teblo:

'y CIJE]E}C
(deg) | trimmed cL“
Sf = QC .
35 O.gg 0.085
b7 R .0E8
55 .81 035
Bf = 600
35 1.l9 090
L 1.15 | .08
55« 1.18 083

Horizontel tall characteristics.- Mean values describing the
effectivencss of the elevator and stabllizer for the different
dlbedral engles are plotted against tail dihedral angle in figures 19
_ 8nd 20, respectively. The values at Iy = 0° that are uresented were
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obtained by multiplying the values obtained with a conventional
horizontal tail of the same aspect ratic (data obtained in the
Iangley 300 MPH 7- by 10-foot tunnel) on the same wing-fuselage
combination by the ratio of tall areasd. Also presented in these
figures ars the theoretical veriations based on the isolated-tail
theory of reference 1. The experimentel and theoretical results

are in fair egreement, but the general trend of the evperimental
results seems to indicate that there may be B slight increase in
effectiveness at the higher dihedral engles over that predicted by
the theory. ' : : ‘ ) o

. Downwagh at the tail.- The average effective-downwash values

" for the various tail dihedral angles are presented in figure k.
These values were evaluated from tall-on and tail-off piliching
moments; and, elnce the pitching moment sontridbuted by a vee tail
depends on sidewash as well as downwash, the effective downwash,
rather than the actual downwash existing in the vertical plane,

is obtalned. The effective dowmwash is defined as the downwash that
alone would produce the same pltching moment as that produced by
the actual downwash and sidewash. A method of estimating the
effect of sidewash on effective downwash and longitudinal stability
ig presented in the appendix. .

Flgure 21 shows the effect of tail dihedral angle on the rate of
change of effective downwash angle with angle of attack. Two theo-
retical variations with dihedral angle are aslso incluvded. Oue curve
takes Into account the chenge in taill height and was determined from
the charts of reference U by assuming the tail height to be equal to
the helght of the tail mean aerodynamic chord. The other curve
includes both the effect of tall helght and the effect of sidewash
(see appendix) and is in fair agreenent with the experimental data.

Rudder effectiveness.- Values of the rudder-effectiveness
parameter Cn,‘:7 obtained from figures 15 to 17 are plotted against
- _ . :
tail dihedral angle T g -in figure 22. The theoretical variation

of C with [Py, as estimated from the isolated-teil theory of

n

reference 1, is also presented. The increase in &ffectiveness is
probably due to the rudder induced load carried by the dorsal
trunk. Also presented in figure 22 are the variations of G,

end C, 51/ Cnﬁr with F-b . fl‘he retio of adverse rollling moments to
favorable yawj_ng moments produced by rudder deflection is greater for
the vee tall than for the conventional tail. )

Static_longitudinal stebility.- The neutral-point logations for

bk .

both the cruising and landing configurations are presented in figurs 23.
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The tgll=-off neutral points and the assumsd center-of -gravity position
at 25 percent M.A.C. about which the moments were reasured are also
indicated. The curves indicate that the mcdel with the vee tall has
greater longitudinal stability then the model with the horizontal
tall for the three tail dihedral angles tested. The 470 tail, which
according to isolated~tall theory should contribute the same
longitudinal stability as the horizontal tail tested, actually
contributes 40 percent more longitudinal stebility than the horizontal
tall. The variation of Cmm) with T, 1s presented in figuve 2k,
+ .o
For comperison, the horizontal-teil contribution (I'y = 09) wes

increased by the retioc of the vee-tail area to the horizontal-tall
area. Also presented in -this figure. is the theoretical variation of
(Fﬁ ) with Iy, and 1t can be sesn that the decrease in
a - ) _
t

longitudinal stebility with dihedral:.angle -is overestimsted. The
overestimated decrease in stability can he accounted for by the
increase in stabilizer effectiveness end the decrease in the rete of
change of effective downwash with angle of attack due to the increased
tail height and the favorable effect of sldewash. A method of
estimating thls sidewash effect is presented in the appendix.

Static directionel and lateral stablility.- The static lateral~
stability paremeters determined from pitch tests at yeaw angles '
of 5° and -5© for both the high-speed and the lending configurationa
are plottod ageinst angle of attack in figuro 18. In the high-speed
configuration a large amount of directional and lateral stability
cxigts for all three dihedral angles and the meximm stebility would
appear to occur at some angle between 47° and 55°, In the landing
configuratich the high static directionsl stebility end the dihedral
effect are indicated for angles of sttack below 6°. -Above 6° there is
a slight loss of dlhedral effect and a large loss in directional
stability. It —will be noted that the 47° vee tail, which is tho best
of those tested, contributed approximately 40 percent more longitudinal
and directional stability and 90 percent morq dilhedral effect than
the conventional tail. The increase in directional stability, however,
is due to the fact that the aspect ratio of the vee tail is greater
then that of the vertlical tall and due to the dorsal trunk upon which
the vee tail was mounted. The effect of this trumk can be seen in
figure 25, which presents the actual and theorsticel varistions of
the tail contribution 4o directional stability (cnw) and to

L

dihedral offect (cz\y) with tail dihedral angle. The reesons for
t : L '

the large cantribution to directichal stability of this small trunk
(approx. 10 percent of the vee-tail area) are that the trunk incrsases
the effective aspect ratlio of .the veg tail in yaw. BSince tail
effectiveness is proportional to VsinEPt, this trunk is more

effective per unit area then the vee tail.
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.

The high dihedral effect (eq_uivalent o apbrox 16.5° of
wing geomstric dilhedral for the . 1!-'{0 'ba.il) is due to 'bhe hie}i geometric
dihedral of ths 'tail- o _ P el

CONCLUSIONS -

From low-gspeed wind-tunnel tests of a complets model equip'oei
with a vee tall having tail dihedral angles of 350 1(-70 and’ 55 and
from comparisons with tests of .a conventional Joail used wi'bh the
semw wing-fuselege combination, the following conclusions with rega.rd.
to static stability aid control were reached.' '

1. The W7° vee tall appeared to be the best &F those 'bested.
when both lengitudinal and lsteral s'babili'by were concerned.. _

2. The 47° vog tall, the ares of which was a.pnroxima.tely the same
(2 percent grea:be:c') as the conventional tail assembly but was mounted .
on a small dorsal trunk (10 percent of vee-tail area), contributed
LO percent more longitudinal and directional sbability and 90 percen-b
more dlhedral effect 'l:ha.n the conventional tail.

3. The Increase In directlonal stebility was dus to the dorasl
trunk and: to the fact that the vee tail had a greater aspect ratio
than the vertical tail.

L. The increass in longitudinal stability was ceused by the
increase in stabilizer effectiveness and the decresase in the rate
of change of effective downwash with angle of attack due %o the high
tail position and ‘the favorabls effect of sidewash at tHe tail,

5 The measured variations of siebllizer end elevator effecitiveness
with tell dihedral angle agreed feirly well with the isola'bed-tail
theory. - T

Lengliey Memorial Aercnmautbicel Ieboratory
Hational Advisory Committee for Aeronautics

Lengley Fleld, Va., July 31, 1947
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APPENDIX

METHOD OF ESTIMATING SIDEWASH EFFECT ON LONGITUDIRAL STABILITY

Synbols

o anzle of attack of ailrplane In plane of syumetry

(O’;N) angle of attack of ta1l panel in plane normal to chord
tail plane of tall surfaoce )

€ induced angle (downwash) in plans of syrmetry

€y induced angle in plane normal to chord vlane of tail
surface
(CL) tail 1ift cpefficlent of tail msagured in plane of symmetyy

(CLCQ lift-curve slope of tell in plame normal to chord plane
N of tall surfacs '

I dlhedral angle of tail swface

(Gm)_ba ., ®irplene pitching moment de to tall 1ift

b

éi span of one vee-tall nanel ) .
EW M.A.C. Oi: Wing - -

M.AC. of tall

[+]]
ck

cy local chord of tail .
1y tall length mea.sured.‘ £rom C.ge to 'E.t/l}

Sg actual (not projected) area of tall

Sy wing axrea

q froe~strean dynamic presgsure

Qg effective dynamic pressure at tail

w total induced velocity in vertical plans (wp + wg)
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Wi veloclty in verticel plane induced by trailing vortilces
(éovrwash)

;) veloclty in vertical plane induced by boﬁna. vortsx
(dovmwash)

Wy volocity in plans ncrmal to vertical plane induced by

trailing vortices {sidewash)

total induced velocity in plane wmormal to tall panel

N
WTII veloclity in ncrxseel 1?lane induced br ta‘a?l_ipg vorticegs o
X tall length measured from Cufh to o/b )
8 wing vortex semisp-an
v tangentiél volocliy of & vortex at Y for unit circulation
distance fram vortex center to point in question
v voloeity at tail parallel to X-axls

Mcthed

Then the Iongltudinsl stablility comtributed by a vee tail is
calculated, the effect of sidewash should be included. The following
derivation of the longltudinal-stability equation includes this
effect. The angle of atback In the plane normel to the tall panel
is as follows (see fig. 26): T

(1)

N
=

@taﬂ_l = o cas Iy -

D)ty I;"‘ (%)n ) rasy o8 T (2)

By subsbituting equation (1} in eguation (2)

<CI> a3l = (CI'“>N (cs cos Iy - EI\D"cog r, : o) | _
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Now
(Cm tail (CI')ta.iT 0%- L% %13." | ()

and by substituting equatlon (3) in equation (4)

~ s d+
C = F - C :’i -1? L
O I T T F

or
” .=OOSP~5_€§>® cos. T, 1t By 9t (5)
m‘Dtail St N b8, a

Since all avallable theoretical and experimental induced angles are -
presontod as dowavash angles ¢, squation (5) will be revieed by

Sexy % ¥
replacing S with a’& end & correction factor. Since ¢ =3 -

and eN=‘;.-N,

oe de W : -
N 96 Yy
da S W (6)

By substituting equation (6) in equation (5)

O¢ Z’.:b t A
= [cog I, - = C cos el (1)
<m°‘>tail ( R )(""’ i Sy 8y @
A more convenlent form of eguation (7) is

Wir on b4 5. q
C ={1 - ¢ 2p, & Th it 8
(ma)tail S W cos Ft) ( ) P E 8, e (©)
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Values of gi may be obteinsd from the charts of reference & by
use of a tall ;‘r}eight egual to the helght of the M.A.C. of ths tall..

Values of may be obtained as follows:
W cos Ft
W cos I W,
¥ .8 L, N,
w cos I’.,? w cos Iy w cos I'_b
and . .
W _ _"B o Ty Vi
woeos Iy W Vi cOB L, w
or
v Wi, %
wp_:.-&?—i«m“qi—: l-"'?i) (9)
w cos [y  Vip cos Ty :

An’spproximate value =2 may be obtainod From the following

equation which was derived from the equation for downwash due to the
bound and trailing vortices given int reference 5% '

2

v 8 . .

2 = (20)
§2 + 32 +X;X2 + g8

Equation {10} is for a point midway betw~en the two tralling vortices
in the plane of the horseshos vortex bub is sufflciently accurate for
these calculations,

Pl

The factor ——w?-w-— (equation (9)) may be deotermined graphically
. wp cos Ty _

ag follows: By assuming a horseshoe vortex of span equal to 90 percent
of the wing span (see flg. 27), the induced velocities dus to the
trailing vortices in the normal end vertical planes are obtained

at various spanwise stations of the tail, Inasmuch as only velocity
ratios are deslred, the tangential velocity v of the vortex at the
Tirst spanwige peint investigated may be drawn to any convenient Yength.
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At any other point the veloclty may then be easily drawn since 1t is
inversely propcortional to the distance ¥ fLfrom the vortex center to
the point in gquestion. "At each spanwlse station the induced
veloclties wp  and w, cos I'y dus to both treiling vortices exe

y aotor iDL
obtained and then the factor | is we*{;hted accord.ing to the

* Wp cos Iy

local chowd and intee;r‘ated over the span in order to6 obtain an
average value to substitute in equation (9). This procedure need
be dono for only onc panel gince it will be the same for both.

Wi
Prom flgurs 27 1t can be seen that ——-‘-11-—-— ig less then unlty

W COB Pt
and that the reduction ie-due to the sidewassh Voo

REFERENCES - —

1. Purser, Faul E., ond Compbell, Jchn P.: prozdrzentaLVerificatim:
of & Simplified Vea-Tail ‘fheory and Analysls of Availeble

Data on Camplote Models with Vee Tails. NACA ACR Wo. ISA03 , 1ghs,

2. Gillis, Clarence L., Polhamma, Edward C., &nd Gray, Joseph L., Jr.:
Cn,ﬂ;. %a foxr Delerminin: Je --Bc.undﬂry Corrections for Comploto
HModels in 7- by 10-Foot Closed Roctansulax Wind Tumnels.

HACA ARR No. T5G31, 1ohn.

LW

» Thom, A-.: Blockage Coirecltions In a Closed High;Spsed._Tmmel.
R. & M. Ho. 2033, British A.1.C., 1gh3.

. S1lverstein, Abs. and Xatzoff, S.: Desgign Char +8 for Predicting
Dowmwresh Anglop and WaXe Clmracteristlcs behind Plain and. Flapped
WiIl;ﬁ,..: v MCA Rep VO . \)LO lO "IO

A

. von Ké.x'mézn_, Th., and Burgers, J. M.: Geneiul Asprodynamic Theoxy -
Dorfact Fiuidae. Mathematical Foundatlon of the Theor; of Wings
wlth Finite Spen. Vol. IT of-Aerodynamic Thoory, dlv. ¥, ch. III,
W. F. Durand, ed.. Juliue Springer (Berlin), 19?,, p. 142,
{(Rexnrint of 1643.)



NACA TN No. 1478 15

ﬁ -—
Relative wind \%‘
-/ Sa ~J\8e
: NATIONAL ADVISORY

v z COMMITTEE FOR AERONAUTICS

Figure 1.~ System of axes and control-surface hinge moments and
deflections. Positive values of forces, moments, and angles are
indicated by arrows. Positive values of tab hinge moments and
deflections are in the samie directions as the positive values for
the control surfaces to which the tabs are attached.






[

..-.-"- 1 o fﬁ ¢ P

H ' l A !
w3, i ﬂ it e e, !
L "'T_rl__‘fj:'h“ ;,E .-
s sherraariapie 1ot y——— s SN -

Figure 2.- Front view of model mounted in the Langley 300 MPH
7= by 10-foot tunnel.
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Figure 3.- Rear view of model mounted in the Langley 300 MPH
7- by 10~foot tunnel.
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Figure 4,- Three-view drawing of the model.
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Figure 5,- Vee-iail panel. Area (iotal, not including trunk), 3.31 square feet; area
(dorsal trunk), 0.32 square feet; aspect ratio, 5.0.
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Figure 6.- Vertical tail. Area (total), 1.60 square feet;
aspect ratio, 1.74.
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Figure 7.- Horizontal tail, Area (total), 1.625 square feet; aspect
ratio, 5,0; trailing edge angle, 10°.
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Figure 16.- Effect of rudder deflection in yaw of the model with the 47° vee tail,
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Figure 22,- Variation of rudder effectiveness with tail dihedral angle.
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- Figure 27.- Effect of sidewash on longitudinal stability. |
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(Subscripts 1 and 2 refer to vortices.)
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